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C C d*»*<EcoR I Ifcf ^JlH^T^gK Xho 

pUC-BHSA£tt$3 Lfc. CO pUC-BHSA^<b Xho 
I ~HindIDT«l*)mL^77^> Rtf pUC 

-nllSAfr £ Hind ID -BbbH I T^OdiLfcruro 



HSA cONA O 3 ' {BKJOT* »J A >?+>\>R&# 'i 
A£?!)£ * 7*7 X 5 KpUC18X<D Xho 1 
— BaaH ! aSftCff \LX7v X $ K pUC-bHSA- 

P UCl8Xli. P UC180EcoR I g& {J C ± Sfi i E « C ft 
*«5*<EcoR I *6£*ra&?dTrt6BC Xho I ©ft* 

sfc puc-nHSAtt5c««or aHSA cDNAK^fl^ 

tCr?^ K pAT-nllSA- A 8 ) £ 

Xho ! /BaBH I T -ffiflHfcLT. 7* U 7* D HSA cDNA 
®ft£$VEifr£&T. Ctt£pUCl8X£ Xho!/ 

Ba.H IT-»*fcLT»fc*ft*W)**aiiUT 
ttKU:7'7X$ K T & a . . r v X $ K pUC 
-bHSA- A<D7 U7u 5 S AaSR$E«, # V 
A->^t^, »j AK^II^tt' Xho I -BbbH I 7 
7 ^> y h pJDB-ADH -nHSA- A 7 =? X $ K 
Corn? & ^laS Escherichia 

coil HBIOI/pJOB-ADH - nHSA - A \t I £ 15 tfi K 

BP- 2454) i L T 1 989^ 8 BC7'^^X 



l<]^S^SfK?fgt$nT t^S. ) frh Xhol - 
iS^L. pJDB-ADH -bHSA7"7X$ K£ft53U 

Hffig< ?r «8H-Cg)fifflHSAMr7^F 

CIto/c. hlfiif»7;i/7' 5 y<D* 

•>/v^«eiQ^ J - Y? * < cDNA O a-y 

HSA ■ D * EcoR 4tfc77^>yh* 
pUC19 ©EcoR I -9- -f Fi:}ipAl/7'7X § K pUC- 
HSA - D B 7 v X 5 K pUC-HSA - D B 

*£EcoR I - laqUckOHSAOS* flftBK 

M^aHSAri/rDEaai-7 7 

^> y^^)*)aiL. r^X$ KpUC18 ©EcoR I 
- Acc I SJftKflAOT 7*7 X S K pUC-Sig ^ 
f^55b^. ZO 7 ? X 5 K pUC-Sig ^^HincD 
a*)HSA(D5' HffBRtlV, RU^^^S 

U> KpSAL D 5 ) 0 $bs I ©tt 
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cfcALxr?** k puc-sig - sal n ^ ss 

Lfc. ac^ilrt/c/^S K pUC-Sig 

- SALD tt H S AO 5 ' ^£32 

H S A 7 U r o'Kyj&tf Hetl23~Pr© 303 £ 3 - 

X Gly-Ser Z a K V GCATCC*< 7 7 9 

-ffiWtlTS^Tt^. ftC pUC-Sig - SAL 
I6*&BttE0- PstIu:J;iD9]0aiL^:7'uro 
E^IJi C!y-Ser & tfMe U23~Pro303£ 3-Ft 
Z>7 =7 <f } S S V fffliii© pUC-nHSA*> £BslE D 

- Pstl CkO 9»iltiUni*ll^<D77 
/^KlBl, r?.X5 K pUC-nSALB £tt 
S!L/C. w O 7* 7 ^ 5 K pUC — nS AL II 3(r £ Basil 1 

h (C. pAT-irp -phoA- tHS A iZ0 7 5 X $ K 
^tWt S ;MIEHB10HpAT -trp -phoA-tHSA) 

® 10951 ^ (PEMP P — 1051) <!: LT&tl 3 *lTt> 
S. ) *£BaaHl -Hind ID Kl J; 0 9)4 ilj Lfc*3& 
IISA«3-Ft*75/^^»Al/s 7*7 



itfi3¥3-20in87(10) 

* § K pUC-ntHSA £ ft K L fc . ^(0 7*7^ 5 K 
pUC-ntHSA frb Xho I - H i nd ID tZ «fc f3 9J 0 03 L 

fcri^ro <t tHSA^ 3-Ft*7^^yK 

Rtf pUC-nHSA* £ Hind I — BaaH I C «fc *) 9J 0 & 

$ KpUC18X0 Xho I -BaaH I gBffiCffiAL. 7*7 
X? r pUC-ntHSA -A£fES3Lfc. Z O 7 5 * 
* K pUC-ntHSA - A*>^ Xho I — Saa I £ «fc 9 
til L fc 7 v ft V h £pJDB-ADU -nHSA-A 
7*^$ K * 6 Xho I - Saa I tZ&*)ty*)&Lfz 

KpJDB-ADH - tHSA£fE93 Lfc. 

H S A»?«-a^7'7 X 5 K pJDB — ADA -aHSAR 
If pJDB — ADH - tHSAC «fc * S © M B l£ » « . 
«*36 9U ^W^OKURii [JKII&.XJR. 43. 
630-637(1985) ) £ & & t fc # & C £ *) If o fc. 
ST. YPDlgife C l^Wii^ (Difco) . 2 
* (Difco) . 2 A/U - * ) 50 

«£KAH22tt ( HATa . Ieu2 — 3 . Ieu2-U2. his4 



-519. canl ) © Y P D *g ife C «fc h - % *3 S *£ 1 
fltf^^DX. 30'CT 600naT©&ft&*<0. 5 C & "f 
UTiSSl^. CI *l£ 4 TC T2000rpa . 5 5> Ml 
©ifi/l>TS!SL. 5 n£© 0. 1 rt LiSCN C « 

ELfc. fti;:*© 9 *5© 1. 5 a££#BtLT2000 
rpa . 5 #KilG)ag'frT&lIL> ffift£l0tf©2M 
LiSCN „ 46 #rf O 50 9€ ?H U if-UX/'J 3 -;MO0O 
C!!SSU $ •btClO/^DN Afc« (5-10«© 
DNA^tt') £jUDiT30X T-%«a Lfc. C 
500*1 ©iSa^STkfcJjD^Ttf/l'^ v 
? * 5 **-KT#* < 15 £ ? 2000rpa. 
5 nflifi'fcLT&BL, 100*1©$®^© 
JkTKfiauaWfflOlfJEWIt ( S Dteife : 20« 
/a* t **-->-yJgraJ2. 0.67%7 $ J 

h - hoy x^'-^(DUco) . 2%^^3 — 
7.H2%09|i^£J!ni^/i4>G)) tc $ t^/c. 30 tT 

W4c*t*ttTHSA«fK-oaa*ttfflr*c' 
ian^Hs a win-^ ^?Rr ^7-7 s k 

£3*/AH22 (pJDB-ADH -»HSA) i AH22 (pJDB- 



ADH -tHSA) 

4. H S A»ffrg)5fe3fg 
flSe©^^lr»^AH22 (pJDB-ADH -aflSA) R 
CfAH22 (pJDB-ADH - tHSA) £ 5 afi O Y P D ifc 
T30'C T24^ra11SS Lfc. 

«9 8S^tc^ii5$ n/c H S A»r)t©^a5ttPjlT© 
J; o IZ LXft -> Jt. ig§*£ 10000rpa. 5^^^ 
/C»L^a©Ji«l^ 800^^ffit. x^y-;i/ 800 
to*7K*T30#re1Btabfc. C*1^ 12000rp». 

-Tte®$-t!:fca SDS-PAGEKr4fflttifi«[ C2% 

sos . 5%2->^*rn^-/K 7 %^ 

-b d -;u v 0.00625% 7* o ^7*y-/i/7"^-> 
0.0625M Tria-HC£ ffi^j?&pH6. 8 ) 20p/Cj§^t. 
5 #m&\%lstz. Z OKHlOaf C5>Hy ^fflK 4 
-20%O SDS-#"J ^7 ^ ry/ucj; *) 

^SliKD!l C Laenal i : Na ture (London) 277 , 

680 (1970)) Littk. 9 * i/-7 ') >) 7 y h 7 ll> 
-(CBB) tCcfc 
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ote. tUt>*>. SDS-PAGE**7&CDy 7' ° 
y J- a y ^^ai(TEFCOtt. Model :TC808)K<fc s- 
r a Hr iU O — * y A — (Bio- rad til. Trans 
-blot® ) £ 7' o v x * y ^ Ufc. ■/ o v -r y 

TBSi (20«M Tris-HC£ <pH7.5) , 0.5H NaC £ ) 
T30#r«1&il U teflk. TTBSyfl[ ( 0. 05 % CD Tween20 
$tt'TBS«) KZT 5 #IH©ft#*TTBS«£** 
*. T 2 B Vr o te . & C * S * 7 1r f ^ rt> it * ■> ^ 
H S Aflt* (* v -t^/tt) * 1 K-fc"? 
* y **t/TTBS«T 1000«CS« + 

TTBS?ftT2In|v T B S f£ T 1 0 . * *l «T *!. 5 * Bl 
ttftUfcyU 0.015%H«0,. 0.05% HRP-rt? — 
r -cn 7 / y Y V - >" * y r (Bio- rad ft) . 20 

5<>^;-^«ft'TBSifi[C7-(;^-*»L 

L/C, 

ffi{*rtCS8U^HS A Efi >i" CD & Jl5 l£ T <D <fc 



W 53^3-201987 (11) 

9CjTo/:. ftt*>^% 300a/ £5Q00rp» , 

5 ^rDliS^LTm® ffi#£30//f<D SDS-PACE 

KWJ8ttai»«:S« 100-c T10#ra:£i& Lte. 

y?v y T 4 V 7 Z'iT ~? te . 
0 v is-? U y 7 V r y;i"-(CBB) £feGDte£ 
^$4iC^t. d CDgjKfc^T x u-yitt 
HSAgt*. u- y 2 Rtf 6 litf^ H«m. u- 

y 3 «AH22 (pJDB-ADH — aHSA ) <D&#£/£$K 
U- y 4 tt»±AH220«*** *LTU-y5tt 
AI122 (pJOB-ADH -tHSA) CD&Si&Jfc'&K tc O ^ 

Xtoi&VkZKt. Ztz* y-fn y ? 4 y? 

0te££5i 5 lac^-r. ccds*. u-yittig 

±AH22CDlg«9U U-— y2ttAH22 (pJDB-ADH - 
tHSA) CDtS*_tifiK U-y 3 &AH22 (pJDB-ADH 
— ■USA) ©iS!t±^. y 4 tt H S A U 

-y5ttAH22 (pJOB-ADH - tHSA) © *S H tffl B£ ft 
S3®. U-y6ttAH22 (pJDB-ADH -»HSA) CD 
iSfttfflBSrt ©geST> * U- y 7 «?I±AU22 
CDttlBSrtSe®. £Ol> *t CD*£&£^1". 



SDS-PACET tf^ 3^335000 0'iy Y tLTn& 
Ztltz. LfrC. H S A tt*31fe*£4>fi#& 

jgttfflS. I = H S A<Dtt9gftt>'4rtif 

!l3SB©^©felft^AH22 (pJOB-ADH -«HSA) 
- * 5 %*£t; Y P Dlgife C 1 %&&x* 
^(Difco) . 2 %><9 V «V \ y (Difco) . 5 % 
fjua-A) 4 £ T 30 "C T 4 0 1# Rfl *S H . 
ISH^1500^^ 0 X CftfiJ L> cntr-20*C(DX 
^ y -;t/£ 1500K££J)D;i te^ 0 •CT30^Pe^S^i^ 
Lfc. 12000r P «. 15^>nJlCDi9/^C<t 0 f» *b tlfcit 
30a£ CD lOOaM Tris-l!C£l2tfj?6tpH8. 0 CiS 
100^/ CD lOag/afi RNascA(J*^S9f) 
^JjD?LS?fl*r'15^Pn1^II Ute. C*l£750»M NaC £ . 
IOhM'J y^t h 'J i.ffi?li^pH6. 9 LT-Rfe 
iS«f L/ca. ia000rp«T10*Klja^ l/T ±Y»*^ 

K o + > 7 ^' ^ ^ M 7 i» {Tonen Hydr oxyapa t i te 
TAPS-052U0 (^2lx 100m) ) Ci^iT, 



3a£/»in . 60^nnCD10iiM-200iiM 0') y^iBK 
^)KC«k*3?SJliUte, $^HSACDkT-^CDp)S 
280n»©&ft&. Rtf SDS — PACE C *k *Mt . 
1#^n/c^^HSACDf-^^7ktCWLTiSIJf 
bte^. $«bC3«£CD 500ntt NaC£. 

50m« Tris-HC£ pH8.0. 0.05%NaN,tC ?S » L tz . 
ZtDiKWZ Sephacryl S-200 C Pharmas i a& . 
super fine grade (1 . 6 X 90ca) ) 0>r frUfc* 5 

8. 6 «£/hrTfSaj L. /c. S ^ H S A CD f - ^ (D 1^ 
Kttiil^WlClTote. *C Hbn/:UHS 
ACDt'-^^^iiffll^^D^ h^774-CD&*H 
(TSK gel. phenyl -5PH RP (4 . 6 X 76m») ) 
0. 1 % h »J 7/V/^- ag^ga^ST-rtt^ 1 
■£/«in . 60^WCD 0 %-70%tD7 t ^HJ^ 
fc&WK^OfcdiLte. 280n»O%^ta[t3 <fc 
ESLtetemS-H S A tX 2 O CD f - 2 ilTl^ 
03$tiCH^cDf-^$iai*«391S u D a<*:tte. 
$ H S A CD N^^7 $ iMMM®M3. 
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tfftiS (Applied Biosys teastt* Protein Sequencer 
477A) 9 N £J5i7 § y KKfll*HfiUfc. 7 

ill S A0N*S7 5 fcC BIT® » 

Asp-Ala-Hys-Lys-X-Clu-Val-AIa- 

d 0E9iaAft H SA(DN^5J7$; K K ?3 <t [b] 

(DHSAiBUrn-b«> y ^tfff felt?" 

3j.HSAOC5fe8Bg>7 3 y K g> PI £ 
±T?flS3tfc^iHSA©y:i4 (**J 1 n»ol) £ 

b K 7 ^ (Ardlichft) 50rf£ Jjfl;lT. JJjlETt 

loot. 5 *HR*fc** fc. 

^T. 75>'K6fJl#tfr«& (B*TS*> JLC- 
300)£ffil>T7 5 ^ H|#»*lT^. C*»7U 



niB¥3-20l987(12) 

cc«k 9 2*(D«Bt-^fcP r o £Hj£**ifc. 
fflf&Sftfc$iHSA«C;k38u:P r o 

Jt?t»«Lfc3-HSA©K» (ftlOOp.ol)* 

K»IBKIt«K:A*iTaitttt«IUfc«. Pico- 

TAG (TM) 9 — * ■>» yWRfcrf-f 7J1>CA 

tt$#tfrffl)500Af £ a*it> i«ETs nor fin 

Rl£>$ratt24 . 48 . 72*H& Lfc. 
Ji*»»ll71lvK»»R8»«oM**ttT 

-cHtsi* n^n/:i«fK07 $ j eatfift*. 7* 
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I# t p J&Y»7 \ Vk cDNA££t/ 0 o - y 

-~ y ^ O /i«>^@CL0NTECHtt© ytgtll£-<* ? 
- t LTtttftZ titc t I* JJfcDNA 7 ^7'J^« 
JIH*fc. * gtll*flia;L&7 t -:>-*;A;8BffiY1090 
* Jfc S f£ r v - ? £ st 

5. 5 X10 5 ffl$ L B^telfe (;i/'J 7lfti(b + I. 5 
3**35 > ii:Mn^lftiDNA$^7'7V 

7 4*9'- (A»ersha»&Hybond-N)lCf£L/,:&. 
a, PjttltH^l)3[7L^TSiaL/c^«^ 'J 3** * 1/ 
**K3» (ItvSiiSlO'cpai/w) $rD-ri 
LtffllU^'J-iy/l/c (Benton & Davis 
Science 196.180- 182(1977) ) . d CD 3 Q CD 7" o 



99H ¥3-201987(18) 

— 7* ii& * Laxn & (Nucleic Acids Res J_, 6103 
-6114(1981) K«k T f8&£ H/c t Hfc»T;i/y 
5 ycDNAOK^O 7 5 5 ' ftBKIItt (BKHtt 
OATC3 Ky£9 12 **U**K±i£*>*AT 
C: K yfcff)©** U** K* TO^tf) <tWSR 

ATCJ;0 9#907 $ » n << y £ 3 - K -f 
*Sff#) £^tr*>0(HSA- 1 ) . 248*e©^ 1 ; 

vfrh 260$ e©n^f v/y£n-K"f*fc© 
(bsa- 2 ) , Mtfc 576§ao^ l J 
4 */t/;fc35l 585$ Bony ->y 4n - Kt5SS5} 
t**it:tt<6?^ U*fK^6*«3' -#B 

Wfl«*£t/ t>®(HSA- 3 ) il^UK^TabS. 

C©rn-7'<D^^ctte«DNA->y-fe^W^'- 

0 If I*. ( r -»■ P ) atp £ * v * * 

U* *■ K + t: * fflV*Tif ^> BSA - 2 Tffi 

flCD •>*'4-;u€4*. fc 200JBCD A gtll £ n - y © 
•b *> 4 flS<D£ o — yft*&D N A£SB8S (Blaltner 
^Science ^02. 1279- 1284(1978) 3 L> £ *l£ 
EcoR I BSKTifHt jfijfcfeO^f-yrDy h 



4 HSA-2ro-7'i^^ , J^^^*/: 
(Southern. E., J. Hoi. Biol. 503 -517(1975) ) . 
» 4 7 >) ? 4 X Ltzy y ? J V Mi3O0^ d — 
y JM» * I. 8 kb . 1. 4 kb . 1. 3 kbOfi $ *C 

fc-ofc. d CD 7 1. 8 kb£ 1. 3 kb0££ CD 7 7 ^ 

> y r 4 puci9r<^ 9-izvf9*--vtri,ti. 
CO^r^D-y^ HSA-li HSA -3^^*r 
D-7'<tUT3Di-/x^7'U^^^->3 y 
( Grunstein& «k tfHogness Proc. Kali. Acad . Sc i . 
USA 72. 3961 -3965(1975) ) i: ck ^ 'J - X L 

fc. coism hsa- 3 o*izj> 4 -/ y ^ -f xr * 

^ a — y >i gtll (HSA I — A) afr* f£ & 4i • C CD ? o 
-yo*MDNA«j)fr*ttaEW«Sffl^^^- 

M13»pl8*,fctf «p19 RP-DNA ±C|R, 
**>*?U;*-?-K^-$*-£/9 y& (Sanger, 
F. . Nick Jen. S. *?<£r>'Coulson,A.R.Proc.Natl. 

Acad . Sc t . USA 74., 5463 - 5467(1977)) C «fc 9 B 
SK?«4*SL^C. HSA — 2 47*° — 7'<t L- 

T ff o tz A g tl 1 0 d - y O 7' 7 - * ^ 4 7' 'J -< 



- y cd 7 -&20ffigc-7^T hsa- i ^ro-yti/ 
T?*tfT7-?'W7' 'j 9 y 4 (T ^ 

1 IH©l!BllOv/^t^^4^5J? o — y Agtll 
(!ISA- D ) 4f§/c. :*lA^7r - i/ D N A 4 £9 

a lecor i m{fc^^-7^T USA- uro-yi 

y/N-f 7* 'J ? 4 a y 4 If ^ 

1.25kb<D7 y h (RSA- n) ^rn-'Ti^ 

5 > g y^T L/C. HSA - D USA — 3 

jft HSA- n li* * >^^«{fl4 3 - Kt S 65 
^4*^ . HSA- I - A h r HH^7 ^7' 5 y O 

#l(0t'jy*3»Kt53t ? y (TCA) *<»SR$* 
jh 3 K y (D it /< — ;u 3 r/TCAC^ftLtl>5 

ci*<t>^-?/c. :©2^odna77^> y h 
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7H) 

j&s*IE#t h jm j» 7 ;u y 5 yA<D4#t 3- K 
tiDNAtttm^ K pUC-HSA -CH£ft 

t r JftcDNA? ^7'/^ -**6»fcllSA cDNA£ 
*tf* d — y J g til (HSA- D ) **&EcoR I t Xba 

ft£ pUC19r 7 X 5 K CDEcoR I £ Xba I iOCffl 
MfcttO 7 KJj®y y ? / V V £T4 DNA U 

^'-t^ffl^Tte^Haift^r^^ Y pUC - 
HSA -EX*»ttbfc. 

:or7^5 Y frb Aha id i sai i o - ffijgft 
:®77/>n tt«»iE« t nmai7;ur $ y 

AI0S012S B O L y s t> 356*0 0 T h r 
«Tt3-Kt4. « » IE « k r llll ffi 7 ;u 7' $ y 

Aies^7 $y^{ffift>^3 - k-t * a 

»f*fc&C5' «C*B3T* D N ABEN«. it 



KBIT 3-201987 (14) 

*) ftjft Lfc. CO^JfcDN AKJIttT/HM 
ti*^7r^--b'0*>^^^^7'^ K « 3 — K 1" 
iDNAfil^ilK^Tli^H HpaflRtf CJa 

««K1#L. Jfc&IEfck H»7^^^Aifi 
BO 1 #S©7 5;KA s p *>&li*S ©7 $y 
KP h c £3- KtSfi?y«Wl/Tl>S, C©7 
i-i^-frfcDNAKMCT^ # "J * ? U * * K 

pUC-HSA -EX*>££Ufc Abai/ Sail 
lMft*4ta*L, $ *KC:ftK*!fi®©-7 
^/^n 1 -^ a — jiy;/^?*-©tt$#jfcfc0 

© — ^pAT153 (A»ersha«*tSL Twi gg. A. J. R 
Sherratt.D. Nature 283 216-218,1980) 0 Cla 

I / Sai i orii^oo 5*S«77i/> y 

r L Z ©3 #£T4 DNA'J #-tf£«k 

W'»jL7*X$ K pAT-HSA -CX£#fc. 
:®r7X$ K Jh T IE t HH JU T ^7* $ y A © 
MJOTUKAs p^<5lH!l07 WKP h e 
*3-Kt*DN Affi?d*«0«ft<-» fc. pAT-HSA 



-CX*EcoR I / Xba I T-JlfBftU. Eft t r A 
ffl 7 ^7*5 y A ©Aspl-Phe356£ 3 - Kf 4 DN 

HSA- A©* A*** :>;i/5fc3S«£3 - FT 
*cDNAtt. k r JffcONA^ ^v'J A-frbtott* 
D-y igUKHSA I -A) *>&A*cDNAK?9ti>l9 
A£ftT^*EcoR I 7 7 /> y h £sB3SL. PUC18 

F CDEcoR I htC^ArSCitCj;*) 
OAr^U' pUC-HSA - I ' iptZ? D-'A 
y^U/c. CftCcfcO HSA — A © 358«@©7$ 
y & L e u * ^'t/SttO 585# g © 

Leuta-FU $^C3' «OWBKHi«62 
K^U*^K**t; Xba I /Hind 10 Olltfi^fe 
£iH33C/c. Cft£ pAT-HSA - CX >) $ EcoR 
I / Xba I -ffiilHfcft&tf pUCl9©EcoR 1 /Hind 

T4 DNA 9 attHJfctfT*^ 7S5c » IE 

«t MUttTiWy 5 y A ©cDNA£#£ * 
7* 7 * $ K pUC-HSA -CHgttft. 



Jftfttfr 2 * * K pUC-HSA — EH © fE 

1. AATTCATCAAGTGGGTTACTTTCATCTCTTTGTTGTT 

2. AGAACA AG A ACA ACA A AGAGATG AAACTA ACCCACTTCATG 

3. CTTGTTCTCTTCTGCTTACTCTAGAGCTGTTTTCAGACG 

4. CGCGTCTG A AAACACCTCTAGAGTAAGCAGAAG 
Matteucci , H. D . R Ca ru thers , M. H. . Tetra- 
hedron Letters^. 719(1980) KgB«£ftT^a 
*X*7l/«< l-iiCJ:*), BttDNA£j$BI 
(Applied Btosysteas ;U380B) £Jfl^T£j3c 

U/c. * y :r* * * KWrfrfcT 4 # «j * * u 
tf-K + t-t*Cj;05' - >; y Hft L a . 7 
^CT4 DNA U #--fcf C «fc o il 

DNAifffc. 

^tC. iE^t hjfiir»7;b7'$ yAOcDNA^^C 
7*7^5 K pUC-HSA -CH (0%0<2) ^fflPBlB 
JREcoRIRC/ Cla 1 T -MrS/t LT*§ C>^(D 7 
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&t hil-mr*'?* % S® Met (123) - A la (151) 
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K#£LT.fcO (fci^tf* !ke«ura,T.J.MoJ. 
Biol. 151.389-409(1981) ;Couy.M.& Gautier.C. 
Nucleic Acids Res. 10, 7055-7074 (1982)) . » 

fc(D4ffl8©:*'J * * U * * K : 

5 ' — GATCCATGTGCACCGCTTTCCACG ACA ACG A AG A AACC 
TTCC- 3 ' 



tfm? 3-201987 (15) 

5 ' - AGCTATTTTTTCAGGAAGCTTTCTTCGTTGTCGTGGAA 
AGCGGTGCACATG- 3 ' 

5 ' — TGAA AA A ATACCTGTACGA AATCGCTCGTCGTCACCCG 
TACTTCTACGCTCCGG - 3 ' 

5 ' — CGAAGAACAGCAGTTCCGGAGCGTAGAAGTACGGGTGA 
CGACGAGCG ATTTCGTAC — 3 ' 

£ Caruthers<s> ( Mat teucci . M. D. R tfCaru thers. 
M.IJ. Tetrahedron Letters 21.719(1980)) C <fc *) 

/fcftUpplied Biosyste»s % 7*3808) £BH>T 
£l&Lfc. M^^DNAS (I*j30p«o!es) 50 
■ M Tris-HC£ (pH7.6). 10»M MgC£*. SmHi/ * 

b-JVRZf 0.2»H ATP£«t*ir 
(50**) +T 6 *)1<DT 4 # »J 51 ? U * * K** 
(£iSi&) #£TT37T . 60^rJ!«kS1-* C 

i-'J V^^if o/:. 2 CDT4 DNA »j #-**(800 
mill. *JHiT16tT-IRfilSU7 7 ^ 
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(303) ^3-KtoDKAKfrg)M 

Eftfc HiT^r^ y®7 ^y^3SS<H*3- 
Kt* 807>**§ . £ *K 304#BO* »J y£? 

K5tf££t/ X gill fc h cDNA 0 o- V (HSA- I A) 

1 : *EcoR la^BlUt 

HH»7 >\*1 \ I/cDNAgB?}* ftllj 
a $ KpUC19 OEcoR I65{Jt:}i>Al/T7'7^^ K 
pUC-llSA - I £ftt3 L*. 
pOC-HSA - I * Pst ? T?Q0r U it/:5' 

-■efTfiHLTJIft* Lfctt. HpaD(MspI) 
WILT 750bpO7 ^^VH&SIGtfJUfc. CO 
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fc96bp©7 v ? / y Y £T4 DNA 'J iS - -fe' ? llpa D 
CHsp I) <DttS£9BH±0tt66 HJffl LTlS^b 



pUC190Ba»H I t Pst l © - Srgfl:^©;*; 
§l>^(077/> V r £T4 DNA 'J # - -t: K <fc 0 & 
islpsal n 7" 7 7, 5 K£&fc. 

ff A (» 9 Bi) 

b h]filV«7;U7' 5 y ACDcDNAO 3 ' 

3 X gtlKBSA- I A) (#%{H 1 > 160) * 

BcoR iciOiftfrt Mfir»7 *7 $ y a© 

cDKA$tlfroDNA77^^h4lls 

EcoR IC^^Bit/; 7-7^5 KpUC18 C&fcL 

T7*7^ K pUC-HSA - 1 ' 

^^W7. r v X $ K pAT-nHSA0«g ( m 9 El) 
■rurob hjftiyft7*7'$ ^A cDNAO 5 ' - 

7 ^ ^ K pUC-HSA -EX (^^«| 2 ) ^<c>r 1/7* 
DtHfilvffT^y^yA cDNAgB#£EcoR 1 t Xba 

I i:J;orii|{bt:j;oT9)*)dJLs fc Mtof»7 
*y $ cDNAOn -7 ^ y ^plJS®^#85^i 

3 - -nmvitt&z$vr ? * x k puc-hsa - 

! ' (#^« 6 ) BlLfc Xba I -nindID 
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7 v ft V \ iJcfcCf pAT153-< * * - (A-ersha.tf: 
53 : Twigg.A. J. Rtf Sheratt.D.. Nature 283. 216 
-218.1980) frbWQ & L/cEcoR I -HindID77 
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*-a*0fflfc£*^CHindni -Ba.H I 7 7 
y hiB»L7 P 7^ 5 K pAT-nHSA- A £ S3 U 
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^2-l-2-30tt)S»HS A%5/7 * * 
K p JOB ~ ADH - tHSA©f*53i§fl ; £^f. 

^3E]ti7*7X5 K pUC-nHSA©tta3iSfl£jK 

r. 

&4BH** AH22 (pJDB-ADH - -HSA) ( U — V 3 ) 
RtfAH22 (pJDB-ADH -IHSA)(U — ^ 5 ) ^ <b © 
£3l£/£«3© S DS-*')7^J^75 Ky^« 



53b r JfilY8ti33fcfc HfllfS7^7' * V. U - V 2 & 

^194.000) . * ^mM7 to-r \ v <»^a 

67.000) . *A;U7 r 5V (#^343.000) . £8 
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y (#^314.400) ttH S A77 
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(u-yi ) RtflSBSrtge® (U-X7) . 
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Specifications 

1. Title of Invention: 

Human serum albumin fragments 

2. Claims: 

1. Human serum albumin fragments, lacking the C-end part 
of human serum albumin. 

2 . Fragments in accordance with Claim 1 which contain the 
amino acid sequence from the aspartic acid in the first 
position of human serum albumin to the proline in the 
303rd position. 

3. Fused proteins, consisting of human serum albumin 
fragments lacking the C-end part of human serum albumin 
and other polypeptides. 

4. Fused proteins in accordance with Claim 3, which 
consist of signal peptides and propeptides of human 
serum albumin and the amino acid sequence from the 
aspartic acid in the first position of human serum 
albumin to the proline in the 303rd position. 

5. Human serum albumin fragments, lacking the N-end part 
of human serum albumin. 

6 . Human serum albumin fragments in accordance with Claim 
5 which contain the amino acid sequence from the 
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methionine in the 123rd position of human serum albumin 
to the leucine in the 585th position. 

7. Fused proteins/ consisting of human serum albumin 
fragments lacking the N-end part of human serum albumin 
and other polypeptides . 

8. Fused proteins in accordance with Claim 7 which consist 
of signal peptides and propeptides of human serum 
albumin and the amino acid sequence from the methionine 
in the 123rd position of human serum albumin to the 
leucine in the 585th position. 

9. DNA sequence which encode the protein fragments of 
Claims 1 and 5 and the fused proteins of Claims 3 and 
7. 

10. Plasmids which contain the DNA sequence of Claim 9. 

11. Plasmids in accordance with Claim 10 , which are 
expressing plasmids which contain control sequence for 
efficiently expressing the aforementioned DNA sequence 
in the host, on the upstream side of the said DNA 
sequence. 

12. Hosts which are morphologically transformed by the 
plasmids of Claim 11. 

13. A method of manufacturing human serum albumin protein 
fragments or fused proteins containing the said human 



serum albumin protein fragments, characterized in that, 
by culturing the hosts of Claim 12 , human serum albumin 
protein fragments or fused proteins containing these 
fragments are expressed, and when the fused protein 
fragments are expressed the said human serum albumin 
protein fragments are cut from the said fused proteins 
as desired • 

3. Detailed Explanation of Invention: 

Field of Use in Industry 
This invention concerns protein fragments consisting of 
parts of human serum albumin. These protein fragments are 
expected to have applications as carriers in transportation 
and delivery systems of drugs, etc. 

Conventional Technology 
Human serum albumins are high-molecular-weight plasma 
proteins with a molecular weight of 66,458 which are 
synthesized in the human liver. In the body, they primarily 
have the important functions of regulating the osmotic 
pressure of the blood, bonding with various substances 
(e.g., fatty acids, metal ions such as Cu 2+ and Ni 2+ , bile 
bilirubin, many drugs, some water-soluble vitamins, etc.) 
and thus carrying them to target organs, supplying amino 
acids to tissues, etc. On the basis of these activities, 
human serum albumin is used in large quantities in the 
treatment of loss of albumin due to burns or gastritis, 



etc.; hypoalbuminemia, which occurs when albumin synthesis 
is reduced by cirrhosis of the liver; hemorrhagic shock; 
etc. Serum albumins also play the role of bonding 
nonspecif ically with many drugs and transporting them in the 
blood. It is thought that drugs which bond with albumins 
move through the body due to blood circulation and are 
eventually liberated from the albumins, pass through the 
capillary walls, and are dispersed, thus arriving at their 
sites of activity. Albumins have little toxicity and low 
antigenicity; they are easily decomposed in the body. They 
can be easily covalently bonded with drugs and formed into 
complexes. They have the advantages that they have 
excellent characteristics as substrates for drug delivery 
(drug carriers) , and for many of them, bonding sites with 
various drugs have been determined or are suspected, so that 
they can be easily designed for the manufacturing of 
pharmaceutical preparations. 

Fundamentally, almost all suspected bonding sites with 
many drugs are contained even in . human serum albumin 
fragments , and are thought to be able to show activities as 
drug carriers. When used as carriers, etc., in transport 
and delivery systems for drugs, etc., from the point of view 
of limiting bonding ability with drugs, etc., it is 
predicted that it is more advantageous to use fragments of 
human serum albumin molecules, rather than the whole 
molecules . 



In general, as methods for preparing fragments of 
proteins by cutting them, methods of using chemical 
substances such as cyan bromide or proteases such as 
trypsin, pepsin, etc. [to cut] proteins are known. However, 
in these methods, since the cutting sites are necessarily 
determined by the amino acid sequence of the proteins, it is 
not possible to cut them at any arbitrary desired site, and 
therefore it is not possible to obtain ideal protein 
fragments. Therefore, such fragments cannot be obtained 
either from human serum albumin. 

Problems Which This Invention Seeks to Solve 
In contrast to this, by using recombinant DNA 
technology, it is possible to synthesize human serum albumin 
fragments consisting of any desired parts in suitable host 
cells. Therefore, this invention seeks to provide human 
serum albumin protein fragments by recombinant DNA 
technology, based on making DNA which encodes the desired 
protein fragments of human serum albumin, as well as a 
method for manufacturing them. 

More specifically, this invention concerns human serum 
albumin fragments lacking the C-end parts of human serum 
albumin and fused proteins composed of the said fragments 
and other polypeptides, as well as human serum albumin 
fragments lacking the N-end parts of human serum albumin and 
fused proteins composed of the said fragments and other 
polypeptides; DNA which encodes these protein fragments or 



fused proteins; plasmids containing the said DNA; hosts 
morphologically transformed by the said plasmids; and a 
method for manufacturing human serum albumin protein 
fragments or fused proteins containing such fragments which 
is characterized in that, by culturing the aforementioned 
hosts, human serum albumin protein fragments or fused 
proteins containing these fragments are expressed, and when 
the fused protein fragments are expressed the said human 
serum albumin protein fragments are cut from the said fused 
proteins, in the host cells or in test tubes, as desired. 

Concrete Explanation of Invention 
The cDNA which encodes normal human serum albumin A has 
already been cloned (Public Patent Application No. 63- 
037453). Therefore, using this cDNA, it is possible to 
manufacture any desired fragments of normal human serum 
albumin A by genetic engineering methods. 

This invention provides, as such fragments, (1) serum 
albumin fragments lacking the C-ends of human serum albumins 
and (2) serum albumin fragments lacking the N-ends of human 
serum albumins . For example, this invention provides, as 
examples of albumin fragments lacking the C-ends, albumin 
fragments which contain the amino acid sequence from the 
aspartic acid in the first position of human serum albumin 
to the proline in the 303rd position (these are sometimes 
called "mini-HSA H ) , and as examples of albumin fragments 
lacking the N-ends, albumin fragments which contain the 
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amino acid sequence from the methionine in the 123rd 
position of human serum albumin to the leucine in the 585th 
position (these are sometimes called "contracted HSA" ) . 

These two types of albumin fragments of this invention 
have the following characteristics. 

The albumin fragments of this invention all contain the 
central parts of human serum albumins. This is because, up 
to now, 4 drug bonding sites have been discovered on the 
human serum albumin molecule which are contained within this 
central part (sites I-IV) [Sjlholm, I., Ekman, B. E., Kober, 
A., Ljugstedt-Pahlman, I., Seiving, B., and Sjidin, T., Mftl ■ 
Ph*T-rn*ro1 , 16 . 767-(1979)]; at these sites, several amino 
acid residual groups which play important roles in bonding 
drugs are known [Fehske, K. et al., ftiochftm. Phflrffificol ■ .10/ 
688- (1981)], and almost all of these are concentrated in the 
central part. 

Sjiholm et al. have investigated the bonding sites of 

many kinds of drugs by using microcytes with drugs uniformly 

dispersed in human serum albumins; they classify them as the 

diazepam site (site I), the digitoxin site (site II), and 

the warfarin site (site III). It also appears that, besides 

these, a tamoxifen site (site IV) and a bilirubin bonding 

site are present. Fehske et al. suspected that the amino 

acids which play important roles in the bonding sites of 

diazepam, warfarin, and bilirubin are, respectively, Lysl95 
His 

and Jp^l46; Argl45 and Trp214; and Lysl99 and Lys240. On 
the other hand, the bonding sites for long-chain fatty acids 



such as palmitates appear to be in the C-end region [Reed, 
R. G., Feldhoff, R. C, Clute, 0. L. and Peters, T., 111-. 
■Rinrhfimistry. 14, 4578-(1975); Berde, C. B. f Hudson, B. S., 
Simoni, R. D . and Sklar, L • A., J. Biol ■ ChftnV. . 2hlt 391- 
(1979)]; if the human serum albumin fragments with the C- 
ends missing of this invention are used, long-chain fatty 
acids cannot be bonded, and the production of drug carriers 
which can bond with diazepam, warfarin, etc., becomes 
possible. 

Human serum albumins are high-molecular-weight proteins 
composed of 585 amino acids; they have 35 cysteine residual 
groups in their molecules, among which only the cysteine 
residual group located closest to the N-end side (Cys-34) is 
present in a form which has a free SH group; the others form 
disulfide (S-S) bridges with each other; a total of 17 S-S 
bonds are formed in the molecule. It has recently been 
demonstrated that at least 2 enzymes [peptidylprolyl cis- 
trans isomerase and protein disulfide isoraerase (PDI)] 
contribute to the process of forming higher-order (steric) 
structures of protein molecules; it is the latter, PDI, 
which plays an important role in forming S-S bridges. In 
the cells of mammals which produce serum albumins, the 
principal locations where PDI is known to be present are 
microsome fractions which contain microcytes. When human 
serum albumins are biosynthesized in prokaryotic cells, 
including coliform bacilli, the aforementioned reactions 
occur. There is no guarantee that correct S-S bridges will 
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be formed in the molecules; the Cys-34 may cause a 
thiol/disulfide exchange reaction to occur with the cysteine 
residual group in the molecule, producing a crossing of the 
S-S bridges and thus an isomer. Thus, when cysteine 
residual groups which have free SH groups are present, the 
efficiency* with which proteins arise which take the normal 
steric form, which should be produced, is reduced, and the 
risk that proteins with abnormal steric structures will also 
be abnormal functionally becomes great. In contrast to 
this, in the albumin fragments of this invention, lacking 
the N-end part, which contain the amino acid sequence from 
the methionine in the 123rd position to the leucine in the 
585th position, the Cys34 is removed, together with the 
other 6 cysteines located on the amino end side, and this 
risk. is lessened. 

In this invention, as typical examples of the 2 
aforementioned types of albumin fragments, 2 kinds of 
albumin fragments with specific amino sequence ranges are 
mentioned; the 2 types of albumin fragments have the 
characteristics mentioned above, and all albumin fragments 
which can exhibit these characteristics are included in the 
scope of this invention. For example, the range from the 
methionine in t the. 123rd position to the proline in the 303rd 
position, as the central part in which drug bonding sites 
are concentrated, is mentioned as an example; the central 
part is not, however, limited to* this range, but may be 
longer or shorter than the 123rd position to the 303rd 



position, as long as most of the drug bonding sites are 
included in it. Moreover, as the C-end region in which 
long-chain fatty acid bonding sites are present, and which 
must therefore be removed, the range from the 304th position 
to the C-end is given as an example, but it is not limited 
to this example- The range may be longer or shorter, as 
long as it contains the long-chain fatty acid bonding sites. 
Furthermore, as the range of the N-end, which contains many 
cysteines and which therefore must be removed, the range 
from the N-end to the 122nd position is given as an example, 
but it is not limited to this range; it may be longer or 
shorter, as long as it is an N-end region which contains the 
cysteine in the 34th position. 

Therefore, various albumin fragments can be designed, 
by referring to the following conditions; they fall within 
the scope of this invention. The essential conditions for 
designing human serum albumin fragments are that fragments 
be selected which can be expected to retain steric 
structures required for bonding specific drugs. The points 
which need to be noted are: (i) the S-S bridges present in 
the structures of natural human serum albumins must be kept 
in their original forms; (ii) therefore, an even number of 
cysteine residual groups must be present in the polypeptide 
chains forming the fragments; and (iii) cuts must not be 
made in the polypeptide chains which form loops by being 
bonded by S-S bridges. That is, several of the important 
domain structures, or at least the subdomain structures, 



which are present in natural human serum albumin molecules, 
must not be destroyed. 

1. Gene Systems 
Host 

Normal human serum albumins have many disulfide bonds 
in their molecules; in order to manufacture normal human 
serum albumins or fragments thereof which have the same 
steric structures as the natural ones by recombinant DNA 
methods , it is necessary that these disulfide bonds be 
correctly formed in the producing host cells. It has 
recently been demonstrated that, in order to produce normal 
steric structures, the enzymes protein disulfide isomerase, 
peptidyl prolyl cis-trans isomerase, etc., must contribute; 
it is predicted that, in prokaryotic cells such as colifonn 
bacilli and hay bacteria, which contain almost no proteins 
which have many S-S bonds and assume complex steric 
structures, the activities of enzyme systems which are 
related to this kind of steric structure formation 
(folding), even if present, will not be strong. On the 
other hand, it is known that the cells of eukaryotic higher 
organisms, especially human beings, secrete many proteins 
which have complex higher-order structures (including 
glycoproteins and other modified proteins) from their cells. 
However, even yeasts, which are lower eukaryotes, are known 
to secrete proteins by pathways which resemble very closely 
those by which proteins are secreted in the cells of mammals 



(Huf faker, T. C. and Robbins, P. W. , J, Biol. Them. 257/ 
3203-3210 (1982); Snider, M. D., in Ginsburg, V. and 
Robbins f P. W. (eds.), Biology of rarbohyrirates . Vol. 2, 
Wiley, New York, (1984), pp. 163-198]. Therefore, many 
attempts have been made recently to cause genes from 
organisms of other species (especially mammals) (principally 
cDNA) to be expressed in yeast cells and to cause the 
proteins which are their gene products to be secreted from 
their cells. For example, extracellular excretion from 
yeasts have been reported for human interferon a, a, and y, 
[Hitzeman, R. A., Leung, D. W. , Perry, L. J., Kohr, W. J., 
Levine, H . L . , Goeddel, D. V., Science 211, 620-625 (1983)], 
bovine fetal prochymosin [Smith, R. A., Duncan, M. J., Moir, 
D. T., Science 229, 1219-1224 (1985)], human epithelium 

growth factor [Brake, A. J., Merryweather , J. P., Coit, D. 
C, Heberlein, U. A., Masiarz, F. R. , Mullenbach, G. T., 
Urdea, M. S., Valenzuela, P., Barr, P. J., Pror . Natl , Acad. 
SaL_USA fil, 4642-4646 (1984)], mouse interleukin 2 
[Miyajima, A., Bond, M. W., Otsu, K., Arai, K. , Arai, N., 
G£H£ 21, 155-161 (1985)], human /3-endorphin [Bitter, G. A., 
Chen, K. K. , Banks, A. R. , Lai, P.-H., Proc. Natl . Acad. 
Sri , USA fil f 5530-5534 (1984)], etc. The secretion 
efficiencies, however, vary widely depending on the target 
protein, from approximately 80% for mouse interleukin 2 to 
4-10% for human interferon. Moreover, among these, 
intracellular transmission using signal peptides of the 
protein itself has been attempted for interferon, and 



experimenters have been successful in cutting these signal 
peptides and excreting them. With respect to the others, 
the signal sequence necessary for intracellular transport of 
proteins of yeasts, such as the signal peptides of yeast 
invertase (SUC2), the leader sequence of connecting factors 
al (MFal), etc., have been expressed in a form in which they 
are directly fused with the mature proteins which are the 
targets, and intracellular transport has been performed. 
Furthermore, there are few [proteins] which clearly undergo 
processing in the correct locations; in the case of human 
interferon, approximately half undergo correct processing, 
but in human /3-endorphin, cutting occurs even within 
peptides . 

The production of substances by genetic engineering 
using yeasts as hosts has the following characteristics: 

1. Fermentation production by mass high-density culturing 
is easy and economical. Moreover, in comparison with 
culture cell systems of plants and animals, no 
particular strictly controlled culturing apparatus is 
required. 

2. A great amount of experience in fermentation production 
has been accumulated. 

3. Molecular genetic knowledge is accumulating rapidly. 

4. It is easy to incorporate foreign genetic materials in 
cells and genomes. 



The understanding of the genetics and physiology of 
intracellular transport and extracellular secretion of 
proteins is rising rapidly. 

If suitable plasmid vectors are selected, foreign genes 
can be placed in 4 states: the episome state (using 
YEp plasmids); a state in which they are incorporated 
into the genome (using Yip plasmids); a state in which 
they can be replicated together with chromosomal DNA 
following cellular division, including the yeast 
centromeres (using YCp plasmids); and a state in which 
they can be replicated autonomously, including the 
autonomous replicating sequence (ARS) of yeast (using 
YRp plasmids ) . 

Intracellular processing of signal peptides, pro 
sequence, etc., is possible. 

The sugar chains discovered in glycoproteins 
synthesized by yeasts are high-mannose sugar chains 
which differ from the compound sugar chains in the 
glycoproteins of the higher plants and animals, but the 
addition of core sugar chains which occurs in the 
microcytes of yeasts is a process which is shared with 
the higher animals; the differences between the two are 
seen only in the addition of outer sugar chains. 
Morphologically transformed bodies can be grown in 
complete synthesis culture media by adding vitamins, 
micro-quantity factors, etc. 



10. Morphologically transformed bodies can be grown even by 
using crude sugar sources, rather than pure glucose. 

On the basis of this background, yeast is used as the 
host in this invention. 

(Prepro [purepuro] sequence) 

In order to express human serum albumin fragments in 
yeast cells and cause them to be secreted efficiently, it is 
necessary for prepro sequence to be present in the N-ends. 
Moreover, it is necessary that these prepro sequence be 
removed at the time of the secretion of the target protein 
and that the said target protein be secreted in its mature 
form. For this reason, in this invention, the original 
prepro sequence of the human serum albumins are used as the 
prepro sequence which satisfy these conditions. 

In order to increase the expression of proteins in 

yeast, it is desirable to use codons which are translated 

with good efficiency in yeast as the codons which encode the 

N-end regions of the said proteins. For this purpose, in 

this invention, synthetic DNA sequence which are formed from 

the codons used with high frequency in genes which are 

expressed with good efficiency in yeast are used as the DNA 

sequence which encode the aforementioned prepro sequence. 

The following codons, for example, are used as these codons: 

Lys=AAG Trp=TGG Val=GTT Thr=ACT 
Phe=TTC Ile^ATC Ser=TCT Lau=TTG 
Ala=GCT Tyr=TAC Arg=AGA Gly=CGT 
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As an example of the DNA part which encodes a prepro 

sequence , the following sequence can be used: 

AA TTC ATG AAG TGG GTT ACT TTC ATC TCT TTG 
G TAC TTC ACC CAA TGA AAG TAG AGA AAC 
Met Lys Trp Val Thr Phe lie Ser Leu 



EcoR I 

TTG TTC TTG TTC TCT TCT GCT TAC TCT AGA 

AAC AAG AAC AAG AGA AGA CCA ATG AGA TCT 

Leu Phe Leu Phe Ser Ser Ala Tyr Ser Arg 

GGT GTT TTC AGA CG 
CCA CAA AAG TCT GCG C 
Gly Val Phe Arg Arg 

The EcoR I adhesion end is placed upstream from the 
codon of the Met of the N-end of the aforementioned 
sequence , and the aforementioned sequence is inserted into 
the vector by this limiting enzyme site. Moreover, as the 
codon of the Arg of the C-end of the aforementioned prepro 
sequence, CGC is used, rather than the codon which was 
mentioned above as desirable for translation in yeast; by 
this means, it is possible to link the 5 '-end with the human 
serum albumin fragment which was cut by Cla I. 

Human serum albumin fragment genes 

The genes which encode human serum albumin A (cDNA) 
have already been cloned; their base sequence and the amino 
acid sequence which are inferred from the said base sequence 
are described in detail in Public Patent Application No. 
63-037453. Therefore, in this invention, the plasmids pUC, 
HSA, CH, etc., which contain this cDNA can be used as the 



source which provides the genes for encoding the human serum 
albumin fragments. Furthermore, the method of making these 
plasmids will be given below as a reference example. 

Poly A sequence and AATAAA signal 

The poly A sequence and AATAAA signal which are present 
downstream from the 3 '-end of the code sequence are said to 
contribute to the stability of the mRNA of eukaryotes 
[Bergmann and Brawerman, Riochftmi stry , ±£, 259-264 (1977); 
Huez et al., Prnr. Natl. Arad. Sci. HSA - 7fl r 908-911 
(1981)]. Therefore, in a desirable embodiment of this 
invention, these sequence are placed downstream from the 
cDNA which encodes the human serum albumin A. As the poly A 
sequence and AATAAA signal, these sequence, for example, 
which are naturally added to the human serum albumin cDNA, 
can be used. The human serum albumin A genes which contain 
these sequence have already been cloned, and are described 
in Public Patent Application No. 63-037453. As the source 
providing these sequence, one can use, for example, [lambda] 
gtll (HSA-I A); the method for making them is described 
below as a reference example. 

Promoters 

In this invention, one can use any promoters which 
function in yeast cells. However, it is desirable to use, 
in this invention, structural promoters rather than 
inducible promoters. This is because, when induction 
operations haye been performed by using inducible promoters, 



the human serum albumin accumulates rapidly in the cells, 
disulfide bonds are formed between molecules, and molecules 
which have non-natural steric structures may be formed • 

Among yeast promoters which show weak indue ibility or 
are structural promoters, those which have strong activities 
are, for example, alcohol dehydrogenase (ADH I) promoter, 
glyceraldehyde-3-phosphoric acid dehydrogenase (GAP) 
promoter, and glyceric acid phosphoric acid kinase (PGK) 
promoter. This will be explained concretely by using ADH I 
promoter as an example in this invention - 

The base sequence of a region of approximately 2,100 
base pairs containing the yeast ADH I genes (ADC 1) has 
already been determined; besides the sequence of 
approximately 1,100 base pairs which encodes ADH I, a 5' 
side non-translation sequence of 750 base pairs and a 3' 
side non-translation sequence of 320 base pairs have been 
elucidated [Bennetzen, J. and Hall, B. J., Biol . r h^m. , 257 , 
3018-3025 (1982)]. The Goldberg-Hogness box (TATA box), 
which is thought to be the recognition sequence by means of 
RNA polymerase in transcription, is 128 bases upstream (-128 
position) from the translation-initiating codon ATG; it is 
said that the ADH I promoter activity is not lost even if 
[everything] upstream from the Sph I recognition site which 
is in the -410 position is lost [Beier and Young, Nature . 
3M, 724-728 (1982)]. The result of transcription by the 
ADH I promoter reaches at least 1% of the whole pdly (A) RNA 



in ordinary yeasts [Ammerer, G., Mftt.trodfl flnzymol > r 101* 192- 
201 (1983)]. 

Terminators 

Cases have been reported in which the quantity of gene 
product is decreased by read-through in transcription [e.g., 
Zeret, K. S. and Sherman, F . , Cfill 2£, 563-573 (1982) ] . In 
order to prevent this phenomenon from occurring , it is 
desirable to place terminators downstream from the 
structural genes which are to be expressed. An example of 
placing yeast terminators downstream from exogenous genes to 
increase the expression of genes is, for example, an 
experiment in which calf chymosin was expressed by using a 
sandwich vector composed of PGK promoter/ terminator; 
increases in expression of several fold to about 10-fold due 
to the introduction of the terminator were reported [Mel lor 
et al., Gena*. 2A, 1-14 (1983)]. Terminators derived from 
various genes can be used for this purpose; for example, 
terminators from TRP 5 (a tryptophan-synthesizing enzyme) 
genes, CYC 1 ( iso-l-cytochrome C) genes, etc., have been 
used. In the case of transcription to which powerful 
promoters contribute, it is thought that placing powerful 
terminators downstream from them in order to prevent read- 
through is more beneficial for controlling expression. 
Therefore, in this invention, it is desirable to use, for 
example, ADH I terminator, GAP terminator, etc., which are 
terminators of genes which have powerful promoters. 



Vector elements 

We have explained above the elements directly related 
to expression which are contained in the expression plasmids 
of this invention; however, the expression plasmids of this 
invention must also contain yeast replication origin points 
and signal genes. As yeast replication origin points , one 
can use, for example, the replication origin points of 2 fun 
plasmid DNA derived from yeast* As the signal genes, one 
can use ordinary signal genes, such as genes which 
contribute drug resistance to the host, genes which 
supplement the nutritional demand ability of the host, etc. 
Furthermore, since it is necessary to perform the 
replication of plasmids in coliform bacilli when plasmid 
recombination operations are performed, it is desirable that 
the plasmids of this invention be shuttle [shatoru] vectors 
which contain coliform bacilli replication origin points and 
signal genes. As vectors which satisfy the basic conditions 
for such shuttle vectors, one can use the commercial plasmid 
pJDB207, etc. The yeast signal genes of this plasmid 
pJDB207 are LEU 2 genes which encode the 0-isopropyl malic, 
acid dehydrogenase enzyme, a leucine biosynthesis enzyme. 

Expression plasmids 

Therefore, in desirable expression plasmids of this 
invention, promoters, genes which encode human serum albumin 
fragments with leader sequence which encode prepro sequence 
connected to them, poly A sequence, and terminators are 



inserted, in that order, into shuttle vectors which contain 
yeast replication origin points and signal genes, as well as 
coliform bacilli replication origin points and signal genes . 

2. Morphological transformation 

The morphological transformation of the host yeast by 
the plasmids of this invention can be performed by ordinary 
methods; a concrete example of this is given in Actual 
Example 9 . 

3. Yeast culture medium and recovery of human serum alb umin 
fragments 

The host yeasts which have been morphologically 
transformed by expression plasmids containing human serum 
albumin fragment cDNA can be cultured by ordinary yeast 
culturing methods. For example, they can be cultured in 
natural complete media such as YPD and even in incomplete 
synthesis media such as an SD medium with 1% yeast extract 
added . 

The recovery of the human serum albumin fragments 
excreted from the cells after the culturing can be performed 
by various methods. It can be expected that the secreted 
human serum albumin fragments can be purified to a high 
degree by means of fractionating precipitation by ethanol, 
acetone, ammonium sulfate, etc.; isoelectric point 
precipitation; concentration by ultrafiltration, etc-; and 
combinations of various kinds of chromatography and the 



aforementioned partial purification methods after the 
partial purification has been performed. 

The method of making cDNA which encodes the whole 
normal human serum albumin A or most of it is described 
concretely in Reference Example 1. The whole of the DNA 
which encodes the target protein fragment can be chemically 
synthesized by the usual methods, or it can be prepared from 
the aforementioned cDNA. When it is prepared from the cDNA, 
the cDNA which encodes all or most of the normal human serum 
albumin A is cut by a suitable limiting endonuclease inside 
the 5' end or 3' end of the cDNA region which encodes the 
target protein fragment and the lacking end code sequence 
are made up by chemically synthesized DNA. Otherwise, the 
cDNA is cut by a suitable limiting endonuclease outside the 
5' end or 3' end of the cDNA region which encodes the target 
protein fragment, and the excess DNA part can be removed by 
an exonuclease. Of these two methods, different methods for 
processing the 5' end and the 3' end can be combined. 

In the example of this invention, as the DNA which 
encodes the fused protein of the signal peptide and 
propeptide of human serum albumin and mini-HSA, a fusion of 
the DNA which encodes the signal peptide and propeptide of 
human serum albumin and Aspl to Prol52 of human serum 
albumin A from plasmid pUG-HSA-BH, which contains the DNA 
which encodes the signal peptide and propeptide and the 
whole length of the mature human serum albumin molecule, 
already described in Public Patent Application No. 63- 



268302, and the DNA fragment which encodes Glul53 to Pro303, 
cut from the plasmid pUC-HSA-I described in Public Patent 
Application No- 63-268302, can be used. As the DNA which 
encodes the condensed HSA, the prepro sequence of human 
serum albumin from the cDNA clone HSA-II (described in the S 
63 2/22 [ j ■ : Fph. 77 . 1988 ] application part), lacking the 
part which encodes the carboxyl-end side of human serum 
albumin, and the part which encodes the condensed human 
serum albumin (Metl23-Leu585) from pAT-trp-phoA-tHSA 
(described in the H 1 . 9/25 [j .ft. , Sept. ?A* 1988] 
application part), which contains the DNA sequence which 
encodes a fused protein of the signal peptide of coliform 
bacillus alkali phosphatase and condensed human serum 
albumin, are individually obtained and then connected by a 
suitable method. 

The DNA which encodes the normal human serum albumin 
fragments of this invention can be expressed in itself, but 
it can also be expressed in a form in which it is linked 
with DNA encoding other peptides, and a fused protein can be 
obtained. Various peptides can be used as fusion partners 
for obtaining this kind of fused protein. One of these, for 
example, is the leader sequence of the human serum albumin. 
When the target human serum albumin fragment is obtained as 
this kind of fused protein, the leader sequence can be 
removed later, either in the cell or in a test tube, and the 
human serum albumin fragment obtained. 



25 

In order to express the human serum albumin fragment, 
for example, the DNA which encodes the fused protein is 
inserted into a suitable expression vector, e.g., a plasmid, 
after which the said vector is introduced into the host, as 
described above. As the host for the expression, one can 
use eukaryotic cells such as animal cells or yeasts, or 
prokaryotic cells such as bacteria; the vector is chosen 
according to the host. 

Effectiveness of Invention 
Since the albumin fragments which lack the C-end 
regions of this invention lack the long-chain fatty acid 
bonding sites which are present in the C-end, they have the 
advantage that they do not bond with long-chain fatty acids, 
but do bond with various drugs in their central regions. On 
the other hand, the albumin fragments which lack the N-end 
regions, lack Cys34 and many other cysteine residual, groups 
and are advantageous for stable folding of proteins. 

Next, the manufacturing of the human serum albumin 
fragments of this invention will be explained concretely by 
means of actual examples. 

In the actual examples, unless otherwise mentioned 
specifically, the enzyme reactions for treating the DNA were 
performed under the following conditions. 



Experimental Method 
Enzyme Reactions 

The various enzyme reactions were performed under the 
following conditions. Digestion of DNA by the limiting 
enzymes EcoR I (Nippon Gene Co.; 20 units/_l), Hind III 
(Takara Shuzo Co.; 10 units/pl); BamH 1 (Takara Shuzo Co.; 
18 units/pl); Xho I (Takara Shuzo Co.; 12 units/pl): 
sterilized distilled water was added to 2 pg DNA, 1 pi 
enzyme, and 2 pi 10 x EcoR I buffer solution [1 M Tris-HCl 
(pH 7.5), 100 mM MgCl 2 , 500 mM NaCl] to make 20 pi. 
Reaction was performed for 1 hour at 37 °C to perform the 
cutting. In the cases of BstE II (Nippon Gene; 7.5 
Units/pl) and Pat I (Nippon Gene; 20 units/pl), instead of 
the 10 x EcoR I buffer solution, 100 mM Tris-HCl (pH 8.0), 
70 mM MgCl 2 , and 1.5 M NaCl were used; the reaction was 
performed by holding the temperature for 1 hour at 60 °C, for 
BstE II, and 37 °C, for Pat I. In the case of Sun I (Nippon 
Gene; 10 units/pl), instead of the 10 x EcoR I buffer 
solution, 4 pi 100 mM Tris HC1 (pH 8.0), 70 mM MgCl 2 , and 
200 M KC1 were used; the reaction was performed by holding 
the temperature for 1 hour at 37 °C. The T4 ligase treatment 
was performed under the following conditions. Sterilized 
distilled water was added to 1 pg vector DNA, a molar 
quantity of DNA fragment equal to that of the vector DNA, 2 
pi 10 x ligase buffer solution (660 mM Tris-HCl (pH 7.5), 66 
mM MgCl 2 , 100 mM dithiothreitol , 1 mM ATP] and 1 pi T4 DNA 
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ligase (Takara Shuzo [Co.]; approximately 400 units/fil) to 
make 20 /il, and the temperature was held at 16 C C overnight. 

Actual Example 1. Formation of mini-HSA expression plasmid 

in yeast 

The formation of the raini-HSA expression plasmid was 
performed as follows. First, the fragment which encodes the 
natural HSA prepro sequence and Aspl-Prol52, cut from pUC- 
HSA-EH (Reference Example 3) by EcoR I-Hpa II, and the 
fragment which encodes Glul53-Pro303, cut from pUC-HSA-I 
(Reference Example 5) by Hpa II-Pst I, were inserted into 
the EcoR I-Pst I site of the plasmid pUC19, to make the 
plasmid pUC-mHSA-EH. This pUC-mHSA-EH was cut at the EcoR I 
site, which is in the 5' end of the prepro HSA cDNA 
sequence; here, a synthesis linker both ends of which are 
EcoR I adhesion end sequences and which has an Xho I site 
inside it was inserted to make plasmid pUC-mHSA. The 
fragment cut from this pUC-mHSA by Xho I -Hind III and the 
region including the poly A signal and poly A sequence in 
the 3' side sequence of prepro HSA cDNA, cut from pUC-nHSA 
by Hind III-BamH I, were inserted at the Xho I-BamH I site 
to make plasmid pUC-mHSA-A. The plasmid pUC18X used here 
was made by inserting a synthesis linker body ends of which 
are EcoR I adhesion end sequences and which has an Xho I 
site inside it, in the same manner as was mentioned above, 
at the EcoR I site of pUC18. Moreover, pUC-nHSA is a 
plasmid which was made by the double digestion of the 
plasmid pAT-nHSA-A (Reference Example 8), containing the 
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natural prepro HSA cDNA sequence, by Xho I/BamH I, obtaining 
a fragment containing the prepro HSA cDNA part, and joining 
this with the large fragment obtained by the double 
digestion of pUC18X by Xho I/BamH I. Next, the Xho I-BamH I 
fragment containing the prepro mini-HSA translation region 
of the plasraid pUC-mHSA-A, the poly A signal and the poly A 
sequence was joined with the larger fragment cut from the 
pJDB-ADH-nHSA-A plasmid (the coliform bacillus Rgrhgri chi a 
coli HBlOl/pJDB-ADH-nHSA-A containing this plasmid was 
internationally entrusted to the Microbiology Industry 
Technology Institute of the Agency of Industrial Science and 
Technology [in Japan], based on the Budapest Convention, on 
June 8, 1989, as FERM BP-2454) by Xho I-BamH I, making the 
pJDB-ADH-mHSA plasmid . 

Actual Example 2. Formation of contracted HSA expression 

plasmid in yeast 

The formation of the contracted HSA expression plasmid 

was performed as follows. First, the cDNA clone HSA • II, 

lacking the part which includes the carboxyl end side of the 

human serum albumin, was cut by EcoR I; the fragment 

produced was inserted at the EcoR I site of pUC19 to obtain 

plasmid pUC-HSA-IIB. The fragment containing the 5' side 

non-translation region of HSA and the natural HSA prepro 

sequence were cut out of the plasmid pUC-HSA-IIB by EcoR I- 

Taq I and inserted into the plasmid pUC18 at the EcoR I-Acc 

I site, making the plasmid pUC-Sig. The fragment containing 

the 5-side non-translation region of HSA and the natural HSA 



joined to the larger fragment cut out of the plasmid pJDB- 
ADH-nHSA-A by means of Xho I-Sma I, making the expression 
plasmid in the yeast p JDB-ADH- tHSA . 

Actual Example 3. Morphological trans formation of yeast 

The morphological transformation of the yeast by the 
HSA-f ragment-expressing plasmids pJDB-ADH-mHSA and pJDB-ADH- 
tHSA was performed by a modification of the KUR method of 
Hideaki Hashimoto and Mitsuru Kimura [Hakko to Kog-yo . 43 , 
630-637 (1985)]. First, 1 ml of an overnight YPD medium 
culturing solution of strain AH22 (MATa, leu2-3, leu2-112, 
his4-519, canl) was added to 50 ml of YPD medium [1% yeast 
extract (Difco), 2% Bactopeptone [?] (Difco), 2% glucose ], 
and culturing was performed at 30 °C until the absorbance at 
600 nm reached 0.5. The bacteria were collected from this 
by centrifuging at 4°C and 2000 rpra for 5 minutes, and the 
bacterium bodies were suspended in 5 ml of 0.1 M LiSCN. 
Next, 1.5 ml of this were drawn off and the bacteria were 
collected by centrifuging at 2000 rpm for 5 minutes; the 
bacterium bodies were suspended in 10 pi of 2 M LiSCN and 46 
pi of 50% polyethylene glycol 4000. 10 pi of DNA solution 
(containing 5-10 pg DNA) were added, and the temperature was 
held at 30 °C overnight. 500 pi sterilized distilled water 
were added to this suspension, and agitation was performed 
slowly with a vortex mixer, after which centrifuging was 
performed at 2000 rpm for 5 minutes to concentrate the 
bacteria. The bacterium bodies were resuspended in 100 pi 
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sterilized distilled water, and this was sprinkled on an 
agar-agar medium for selection (SD medium: 20 pg/ml 
histidine hydrochloride, 0.67% yeast nitrogen base 
containing no amino acids (Difco), and 2% glucose, to which 
2% agar-agar was added]. After culturing for several days 
at 30*0, the colony obtained was examined by the method 
shown in Actual Example 4 to detect the expression of HSA 
fragments. In this way, AH22 ( p JDB- ADH-mHS A ) and AH22 
(pJDB-ADH-tHSA) containing plasmids which expressed the 
respective HSA fragments were obtained. 

Actual Example 4. Expression of HSA fragments 

The aforementioned morphologically transformed AH22 
(pJDB-ADH-mHSA) and AH22 (pJDB-ADH-tHSA) were cultured for 
24 hours in 5 ml YPD medium at 30 °C. 

The detection of the HSA fragments secreted from the 
cells was performed a follows. The culture solution was 
centrifuged at 10,000 rpm for 5 minutes, after which 800 pi 
of the supernatant were drawn off, 800 pi ethanol were 
added, and the result was left standing in ice for 30 
minutes. This was centrifuged at 12,000 rpm for 5 minutes 
and the precipitate obtained was dried in a centrifugal 
evaporator, after which the result was dissolved in 20 pi 
SDS-PAGE sample buffer solution (2% SDS, 5% 2- 
mercaptoethanol, 7% glycerol, 0.00625% bromophenol blue, and 
0.0625 M , Tris-HCl buffer solution, pH 6.8) and boiled for 5 
minutes. After 10 pi of this sample were subjected to 
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electrophoresis by 4-20% separation gel concentration SDS- 
polyacrylamide gel [Laemmli's method: Nature (London) 277, 
680 ( 1970)], after which staining was performed with Cu^a^tvT t . 
[?] brilliant blue (CBB) . 

Moreover, Western blotting was performed as described 
below on the gel after electrophoresis was performed in this 
manner. That is, after the SDS-PAGE was completed, the gel 
was blotted on a nitrocellulose filter (Bio-Rad Co., Trans- 
blot( R )) by using a blotting apparatus (Tefco Co., Model 
TC8Q8). After the blotting was completed, the filter was 
treated for 30 minutes with a TBS solution [20 mM Tris-HCl 
(pH 7.5), 0.5 M NaCl] containing 3% gelatin; after this, 
washing was performed for 5 minutes with TTBS solution (TBS 
solution containing 0.05% Tween 20), changing the TTBS 
solution twice. Next, the filter was transferred to a 
solution of Tbyo Wasabi peroxidase-tagged anti-HSA 
antibodies (Cappell [?] Co.), diluted 1000-fold with a TTBS 
solution containing 1% gelatin, and a treatment was 
performed for 1 minute. After the filter was washed twice . 
with TTBS solution and once with TBS solution (5 minutes 
each time), it was transferred to a TBS solution containing 
0.015% H 2 0 2 , 0.05% HRP color development reagent (Bio-Rad 
Co.), and 20 % methanol, and reaction was performed for 15 
minutes. After this reaction was completed, the filter was 
washed with water. 

The detection of the HSA fragments which had 
accumulated in the bacterium bodies was performed as 



follows. That is, 300 pi culture solution were centrifuged 
at 5000 rpm for 5 minutes to collect the bacteria, the 
bacterium bodies were suspended in 30 jil SDS-PAGE sample 
buffer solution, and boiling was performed at 100 °C for 10 
minutes. 10 yl of this sample were subjected to 
electrophoresis by the same method as above, and Western 

blotting was performed, (j^r^e^^ 

The results of the Cipatfshi-brilliant blue (CBB) 
staining are shown in Fig. 4. In this figure, lane 1 is the 
HSA standard, lanes 2 and 6 are the molecular weight 
standards, lane 3 is the AH22 (pJDB-ADH-mHSA) expression 
product, lane 4 is the host AH22 cultured material, and lane 
5 is the AH22 ( p JDB-ADH- t HSA ) expression product. The 
results of the Western blotting are shown in Fig. 5. In 
this figure, lane 1 is the host AH22 cultured material, lane 
2 is the AH22 ( p JDB-ADH- tHS A) culture supernatant, lane 3 is 
the AH22 (pJDB-ADH-mHSA) culture supernatant, lane 4 is the 
HSA standard, lane 5 is the protein in the cultured cells of 
the AH22 (pJDB-ADH-tHSA) , lane 6 is the protein in the 
cultured cells of the AH22 (pJDB-ADH-mHSA) , and lane 7 is 
the protein in the cells of the host AH22. 

As shown in the figure, mini-HSA was secreted from the 
'I bacteria, and was identified as the band at a molecular 
weight of approximately 35,000 in the SDS-PAGE. However, 
the contracted HSA was secreted in a small quantity in the 
medium; a large quantity was accumulated in the bacteria. 



Actual Example 5. Purification and analysis of mini-HSA 
• The aforementioned morphologically transformed AH 22 
(pJDB-ADH-mHSA) was cultured for 4 0 hours in 4 1 YPD medium 
[1% yeast extract (Difco), 2% Bactopeptone [?] (Difco), 5% 
glucose] at 30°C. 1500 ml of this culture solution was 
cooled to 0°C and 1500 ml of -20°C ethanol were added, after 
which stirring was performed for 30 minutes at 0°C. The 
precipitate obtained by centrifuging at 12,000 rpm for 15 
minutes was dissolved in 30 ml of 100 mM Tris-HCl buffer 
solution, pH 8.0, after which 100 pi of 10 mg/ml RNaseA 
(heat-treated) were added, and a treatment was performed for 
15 minutes at room temperature. After this was dialyzed 
overnight against 750 mM NaCl and 10 mM sodium phosphate 
buffer solution, pH 6.9, it was centrifuged at 18,000 rpm 
for 10 minutes and the supernatant was obtained. This 
supernatant was injected into a hydroxyapatite high- 
performance liquid chromatography column [Tonen 
Hydroxyapatite TAPS-052110 (021 x 100 mm)] and eluted by a 
10 mM-200 mM phosphoric acid concentration gradient at a 
flow rate of 3 ml/min, for 60 minutes. The identification 
of the mini-HSA peaks was performed by the 280 run absorbance 
and by SDS-PAGE. 

After the mini-HSA peaks obtained were dialyzed against 
water, f reeze-drying was performed, and they were dissolved 
in 3 ml of 500 mM NaCl, 50 mM Tris-HCl, pH 8.0, and 0.05% 
NaN 3 . This sample was injected into a Sephacryl S-200 
[Pharmasia Co., super-fine grade (1.5 x 90 cm)] gel 



filtration column, and elution was performed at a flow rate 
of 8.6 ml/hr, using the same solution as the sample solvent. 
The identification of the mini-HSA peaks was performed in 
the same manner as above. Next, the mini-HSA peaks obtained 
were injected into a reverse-phase high-performance liquid 
chromatography column [TSK gel, phenyl-5PW RP (4.6 x 76 
mm)], and elution was performed in the presence of 0.1% 
trifluoroacetic acid, at a flow rate of 1 ml/min, with an 
acetonitrile concentration gradient of 0%^70%, for 60 
minutes. The result of identification by 280 nm absorbance 
was that the mini-HSA was detected as 2 peaks; these peaks 
were taken to be the final purified standard product. 

Identification of N-end amino acid sequence of mini-HSA 
After the purified mini-HSA sample was f reeze-dried, it 
was dissolved in trifluoroacetic acid and the N-end amino 
acid sequence was identified by means of an amino acid 
sequence automatic analyzer (Applied Biosystems Co., Protein 
Sequencer 477A) . The N-end amino acid sequences of the two 
mini-HSA identified by the amino acid sequence automatic 
analyzer were both as follows: 

Asp-Ala-Hys-Lys-X-Glu-Val-Ala- 

This sequence is the same as the N-end amino acid 
sequence of mature HSA. Thus, it was found that the same 
processing was performed in the expression and secretion of 
mini-HSA as with natural HSA. 



Identification of amino acids of C-end of mini-HSA 

After the mini-HSA sample purified above (approximately 
1 nmolj was put into a test tube for hydrolysis and freeze- 
dried, 50 pi hydrazine anhydride (A^dlich Co.) were added, 
and reaction was performed under a vacuum, at 100 °C, for 5 
minutes. After cooling to room temperature, the excess 
hydrazine was removed by vacuum, and further drying was 
performed overnight in a vacuum desiccator. This sample was 
analyzed for amino acids by using an amino acid automatic 
analyzer (Nippon Denshi Co., JLC-300), and the C-end amino 
acids were identified. Moreover, after the above sample was 
hydrolyzed by hydrochloric acid, the amino acid analysis was 
performed in the same manner, the sample was quantitatively 
determined, and the rate of recovery of C-end amino acids 
was obtained. As a result, the C-end amino acid of the 
mini-HSA was identified as Pro for both purification peaks 
by the hydrazine decomposition method. Since the 
constructed mini-HSA should have Pro on the C end, this 
result does not contradict that fact. 

Analysis of amino acid composition of mini-HSA 
The mini-HSA sample purified above (approximately 100 
pmol) was put into a sample test tube and f reeze-dried, 
after which it was put into a PICO-TAG (TM) workstation 
reaction vial. 500 pi of constant-boiling-point - 
hydrochloric acid (Wako Junyaku Co., for accurate analysis) 
were put into this reaction vial, and hydrolysis was 



performed under a vacuum at 110 P C. The reaction time was 
made 24, 48, and 7 2 hours. After the hydrolysis was 
completed, the hydrochloric acid in the sample test tube was 
removed under a vacuum, and the amino acid composition of 
the sample obtained was analyzed by using an amino acid 
automatic analyzer (Nippon Denshi, JLC-300). 

The results are shown in the following table. 
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As is clear from the table above, the empirical values 
obtained are almost exactly the same as the theoretical 
values, and, combined with the results for the N-end amino 
acid sequence and the C-end amino acids shown above, they 
show that the structure of the mini-HSA which was expressed 
and excreted was the structure that was constructed. 
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RgfgrpncQ Example i , Serening of clones containing 

normal human sgrum albumin A CDNA 

For the sake of screening clones containing normal 

/ 

human serum albumin A cDNA by plaque [ 7-puraaku] 
hybridization, a human liver cDNA library made by using 
[lambda] gtll of the U.S. Clontech Co. as the vector was 
used. The [lambda] gtll recombinant phages were inoculated, 
using coliform bacillus Y1090 as the host, and a total of 
5.5 x 10 s morphologically-trans formed plaques were formed on 
an LB agar-agar medium (Luria medium + 1.5% agar-agar). 
After the recombinant DNA was transferred to a membrane 
filter (Amersham Co. Hybond-N), the screening was performed 
by using 3 kinds of synthetic oligonucleotides tagged with 
32 P radioactive isotope (specific activities > 10 7 cpm//jg) as 
probes [Benton and Davis, Science 196 r 180-182 (1977)]. 
These 3 probes are the same sequences, respectively, as, 
among the human serum albumin cDNA sequences reported by 
Lawn et al. [Nuclftic Acids Res, 1, 6103-6114 (1981)], the 
one containing the 5' non-translation region (the part from 
12 nucleotides upstream from the ATG codon of the 
translation start to the nucleotide before the ATG codon) 
and the translation region (the methionine codon of the 
amino end, i.e., the part encoding the 9th amino acid 
leucine from the ATG) (HSA-1); the one encoding the 260th 
leucine from the 248th glycine (HSA-2); and the one 
containing the part which encodes the carboxyl end 5 85th 
leucine from the 576th valine and the 3' non-translation 



region composed of the following 6 nucleotides (HSA-3). The 
synthesis of this probe was performed by using an automatic 
DNA. synthesizer; the tagging was performed by using [y- 32 P] 
ATP and polynucleotide kinase. Among the 200 [lambda] gtll 
clones which gave positive signals with HSA-2, DNA was 
prepared f:rora 4 [Blattner et al., Science 202/ 1279-1284 
(1978)], this was digested with EcoR I enzyme, and the 
Southern blot of the digested material was hybridized with 
the HSA-2 probe [Southern, E., J. Mol . R VQl . 503-517 
(1975)]. The hybridized fragments were obtained from 3 
clones; their lengths were 1.8 kb, 1.4 kb, and 1.3 kb. 
Among these, the fragments with the lengths of 1.8 kb and 
1.3 kb were sub-cloned with the pUC19 vector. These 
subclones were screened by colony hybridization [Grunstein 
and Hogness, Proc. Nat l. Acad. Sci. USA 72, 3961-3965 
(1975)], using HSA-1 and HSA-3, respectively, as probes. As 
a result, a clone [lambda] gtll (HSA I-A) which hybridized 
only with HSA-3 was obtained. Various DNA fragments of this 
clone were transferred to the vectors for determining base 
sequences M13mpl8 and mpl9 RF-DNA, and the base sequences 
were determined by the dye deoxynucleotide termination 
method [Sanger, F., Nicklen, S., and Coulson, A.R., Proc . 
Natl, Acad, Sci> USA 21, 5463-5467 (1977)]. On the other 
hand, with 20 of the clones which gave positive signals in 
the plaque hybridization of the [lambda] gtll clones 
performed by using HSA-2 as the probe, plaque hybridization 
was performed again using HSA-1 as the probe, and one clone 



[lambda] gtll (HSA-II) which gave a positive signal was 
obtained. Phage DNA was prepared from this, and the EcoR I- 
digested material was Southern-hybridized using HSA-1 as the 
probe; the 1.25 kb fragment (HSA-II) was confirmed to be 
hybridized with the probe. The base sequence of this 
fragment was determined by the d^ deoxynucleotide 
termination method. HSA-II did not hybridize with the HSA-3 
probe. As a result , it was found that HSA-II lacked the 
part which encodes the carboxyl end side, HSA-I-A lacks the 
part which encodes the amino end side of the human serum 
albumin, and the codon which . encodes the 304th serine (TCA) 
was changed to opal codon TGA of the translation termination 
codon. Fig. 6 shows the limiting enzyme maps of these two 
DNA fragments. The accurate positions of the amino acid 
recognition sites were obtained from the final base 
sequence . 

Reference Example 2, Preparation of plasmid pUC-HSA-CH 

(Fig, — IX 

The plasmid pUC-HSA-CH, containing the DNA which 
encodes the whole of the mature normal human serum albumin 
A, was prepared in the following manner. 

A fragment was prepared from the clone [lambda] gtll 
(HSA-II), containing HSA cDNA obtained from the human liver 
cDNA library, by EcoR I and Xba I digestion; this fragment 
was joined with the larger of the fragments obtained by 
double digestion of the pUC19 plasmid by EcoR I and Xba I, 
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using T4 DNA ligase, and the recombinant plasraid pUC-HSA-EX 
was constructed,. 

The smaller of the fragments produced from this plasmid 
by double digestion by Aha III and Sal I was prepared. This 
fragment encodes [the pari:] from the 12th Lys to the 356th 
Thr of the mature normal human serum albumin A protein. In 
order to construct the genes which encode the mature normal 
human serum albumin A protein from the amino end, the DNA 
sequence corresponding to the 5' end was made by annealing 2 
chemically-synthesized fragments. This synthetic DNA 
sequence has the adhesion end sequence CG produced by 
cutting with the Hpa II and Cla I enzymes on the 5' end 
side, so that it can fuse with the DNA sequence which 
encodes the signal peptide of alkaline phosphatase, and it 
has the sequence which encodes [the part] from the first 
amino acid Asp to the 11th amino acid Phe of mature normal 
human serum albumin A. T4 polynucleotide kinase was caused 
to act on this annealed DNA sequence to phosphorylate the 5' 
end, and this was mixed with the product of double digestion 
by Aha Ill/Sal I, produced from pUC-HSA-EX. Furthermore, 
this was mixed with the larger of the fragments produced by 
double digestion by Cla I/Sal I of pAT153 (made by Amersham 
Co.; Twigg, A. J. and Sherratt, D., Nature 283 f 216-218, 
1980), a typical multi-copy cloning vector of coliform 
bacilli; these 3 [fragments] wee joined by T4 DNA ligase, 
and the recombinant plasmid pAT-HSA-CX was obtained. On 
this plasmid, the DNA sequence encoding [the part] of the 



normal human serum albumin A from the first amino acid Asp 
to the 11th amino acid Phe was connected. The pAT-HSA-CX 
was double-digested by EcoR I/Xba I, and the smaller 
fragment, containing the DNA sequence which encodes [the 
part] of the normal human serum albumin A from Aspl to 
Phe356 was obtained. 

On the other hand, as for the cDNA which encodes the 
carboxyl end side of the HSA-A, an EcoR I fragment [into 
which a] foreign cDNA sequence from the clone [lambda] gtll 
(HSA I -A) , obtained from the human liver cDNA library, was 
inserted was prepared, and it was cloned in the recombinant 
plasmid pUC-HSA-1' by inserting [it] at the EcoR I site of 
the pUC18 plasmid. In this way, [the part] of HSA-A from 
the 358th amino acid Leu to the 585th amino acid Leu of the 
carboxyl end was encoded; furthermore, a double digestion 
product by Xba I/Hind III, containing 62 nucleotides of the 
non-translation region of the 3' side, was prepared. This 
was mixed with the larger of the fragments of the double 
digestion product of EcoR I/Xba I obtained from pAT-HSA-CX 
and the double digestion product of EcoR I/Hind III of 
pUC19; a linking reaction was performed by T4 DNA ligase, 
and the recombinant plasmid pUC-HSA-CH, containing all of 
the cDNA of the mature normal human serum albumin A, was 
obtained. 
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ppfprpnrp Evampig 3 , Synthesis of DNA encoding prepro 

sfiqiience and preparation of plasmid 

pUC-HSA-EH (Fi g , 7) 
Four oligonucleotides were synthesized which had the 
following sequences : 

1 . AATTCATGAAGTGGGTTACTTTCATCTCTTTGTTGTT 

2 . AGAACAAGAACAACAAAGAGATGAAAGTAACCCACTTCATG 

3 . CTTGTTCTCTTCTGCTTACTCTAGAGGTGTTTTCAGACG 

4. C GC GTC TGAAAAC AC C TC T AGAGT AAGCAGAAG 

by the phosphoamidite method described in Matteucci, M. D. 
and Caruthers, M. H. , Tetrahedron Letters 21, 719 (1980), 
using an automatic DNA synthesizer (Applied Biosystems Model 
380B) . After the oligonucleotide fragments were 5'- 
phosphorylated by T4 polynucleotide kinase, annealing was 
performed. Next, they were joined by T4 DNA ligase, and one 
double-strand DNA which encoded the prepro sequence was 
obtained. 

Next, the plasmid pUC-HSA-CH (Reference Example 2), 
which contains the cDNA of the normal human serum albumin A, 
was double-digested by the limiting enzymes EcoR I and Cla 
I, and the larger fragment was obtained; this was joined to 
the aforementioned synthetic DNA by T4 DNA ligase, and the 
plasmid pUC-HSA-EH was made. 



44 

ppfprgnce Example 4. Synthesis of DNA encoding Met(123)- 

Ala( 151) (Fig, ax 

The construction of a gene fragment which had a BamH I 
adhesion end on the 5' end, an Hpa II (Msp I) recognition 
sequence near the 3' end, and the double chain part of which 
completely encoded the Met ( 123 )-Ala( 151) of human serum 
albumin was performed as follows. In order to express 
[these genes] efficiently in coliform bacilli, a sequence 
was designed which contained as many codons as possible 
which are frequently used by genes which are expressed with 
high efficiencies in coliform bacilli (preferential codons). 
tRNA species with respect to these codons are generally 
present in large quantities in coliform bacilli [e.g., 
Ikemura, T. J., Mol , Biol.. 151 f 389-409 (1981); Gouy, M. 
and Gautier, C, Nucleic Acids Rgs , f I0 f 7055-7074 (1982)], 
and they can be expected to affect the translation 
efficiency. 

The following 4 oligonucleotides: 

5 ' -GATCCATGTGCACCGCTTTCCACCACAACGAAGAAACCTTCC-3 ' 

5 - AGGT ATTTTTTCAGC AAC GTTTC TT C GTTGTC GTGGAA 
AGCGGTGCACATG- 3 ' 

5 ' -TGAAAAATACCTGTACGAAATCGCTCGTCGTCACCCG 
TACTTCTACGCTCCGG- 3 ' 

5 ' - C GAAGAACAGC AGTTC C GGAGC GT AGAAGT AC GGGTGA 
CGACGAGCGATTTCGTAC-3 ' 

were synthesized by using an automatic synthesizer (Applied 

Biosysteras Model 380B) , applying the phosphoaraidite method 

developed by Caruthers et al. [Matteucci, M. D. and 



Caruthers, m. h., Tetrahedron Letters 21, 719 (1980)]. The 
DNA chains synthesized (approximately 30 pmoles) were 
treated in a solution of 50 mM Tris-HCl (pH 7.6), 10 mM 
MgC12, 5 mM dithiothreitol, and 0.2 mM ATP (50 jjI), in the 
presence of 6 units of T4 polynucleotide kinase (Takara 
Shuzo Co.), at 37-C, for 60 minutes, and their 5 '-ends were 
phosphorylated. 

The 4 phosphorylated fragments were mixed and kept in a 
100 e C water bath for 5 minutes, after which they were left 
to cool to room temperature and annealing was performed. 2 
pl of T4 DNA ligase (800 units, Takara Shuzo Co.) were added 
and the temperature was held at 16 'C overnight, joining the 
fragments and making a double strand fragment. Next, this 
double strand fragment was cut with Hpa II (Msp I) to obtain 
a 96 bp fragment. 

Referenre r^mplr 5 PrftnnmMon of n Ma ^ mrr]T 

encoding hu™*, *om™ ^in^jn 
fragment Mf»*M9^_p rnnfn) 
(Fig. R) 

The [lambda] gtll human cDNA clone (HSA-1A) lacking the 
part which encodes the amino end side of normal human serum 
albumin and containing a sequence in which the codon coding 
the 304th serine is changed to a translation termination 
codon (Reference Example 1, Fig. 6) was cut by EcoR I and 
the human serum albumin cDNA part was taken out; this was 



inserted into the EcoR I site of plasmid pUC19, making 
plasmid pUC-HSA-I. 

pUC-HSA-I was cut with Pst I and the 5 '-end phosphoric 
acid group produced was removed by treating with bacteria 
alkaline phosphatase; after this, the result was cut with 
Hpa II (Msp I), and the 750 bp fragment was removed. This 
750 bp fragment was joined with the 96 bp fragment 
synthesized in Actual Example 1 by means of T4 DNA ligase, 
using the correspondence of the adhesion ends of Hpa II (Msp 
I). After this, it was joined with the larger fragment of 
the double digestion product of pUCl? by BamH I and Pst I, 
by means of T4 DNA ligase, and the pSAL II plasmid was 
obtained. 

Rgffiremcg Fxample 6. Insertion of poly A sequence and 

AATAAA signal sequence (Fig. 9) 
[Lambda] gtll (HSA-I A), containing the 3' side region 
of the cDNA of human serum albumin A (Reference Example 1, 
Fig. 6) was digested by EcoR I to obtain a DNA fragment 
containing the cDNA of human serum albumin A; this was 
joined to the plasmid pUC18, cut by EcoR I, and plasmid pUC- 
HSA-I' was obtained. 

Reference Example 7. . Construction of plasmid pftT-nHSA 

(Fig, 9) 

The prepro human serum albumin A cDNA part was cut from 
the plasmid pUC-HSA-EX containing the 5 ' -non-translation 
region and the former half of the coding region of prepro 



human serum albumin A cDNA, by double digestion by means of 
EcoR I and Xba I, and [this fragment] was joined with the 
Xba I-Hind Iil fragment cut from the plasmid pUC-HSA-I' f 
containing the latter half of the coding region of the cDNA 
of human serum albumin A and the 3 ' -non-translation region, 
and the EcoR I-Hind III fragment of the pAT153 vector 
[Amersham Co.: Twigg, A. J. and Sheratt, D- f N*tnrg. 2fl_l , 
216-218 (1980)], obtaining plasmid pAT-HSA-EH. In order to 
place a powerful yeast-derived promoter of the cDNA sequence 
encoding prepro human serum albumin A adjacent to it, the 
EcoR I site, which is attached to the 5' end of the cDNA 
sequence, and the BstE II. site, which is from the 3rd amino 
acid Trp to the 5th amino acid Thr, encoding the signal 
peptide of prepro human serum albumin A, were used. The 
EcoR I-BstE II fragment, containing the 5 '-non-translation 
region of the prepro human serum albumin A and the sequence 
which encodes the 3 amino acids from the amino end of the 
signal peptide, was cut from pAT-HSA EH. The remaining 
large DNA fragment was joined to the synthetic DNA fragment: 

EcoR I BstE II 

5 ' -AATTCATGAAGTGG 

GTACTTCACCCATTG-5 ' 
which has an EcoR I adhesion end sequence on the 5 '-end and 
an BstE II adhesion end sequence on the 3 '-end and can 
encode up to the 3rd amino acid of the signal peptide of the 
prepro human serum albumin A. That is, by treating this 
synthetic fragment with T4 polynucleotide kinase, the 5 ' -end 



was phosphorylated, and the connection was made with T4 DNA 
ligase. [In this way,] the plasmid pAT-nHSA, which contains 
natural-type prepro human serum albumin A cDNA, was made. 

Reference Example 8. Preparation of plasmid pAT-nHSA-A 

(Fig, L) 

pAT-nHSA (Reference Example 7) was cut at the EcoR I 
site, on the 5 '-end of the prepro human serum albumin A cDNA 
sequence, and the synthetic linker 
EcoRIXhoIEcoRI 
5 ' -AATTCTCGAG 

GAGCTCTTAA-5 ' , 

which has an EcoR I adhesion end sequence on either end and 
an Xho I site within it, was inserted, producing the plasmid 
pAT-X-nHSA. The Hind III-BamH I fragment, derived from the 
pAT153 plasmid, which is adjacent to the 3 '-end of the 
prepro human serum albumin A cDNA sequence in this pAT-X- 
nHSA, was cut out and replaced with the Hind III-BamH I 
fragment containing the region which contains the poly A 
signal and the poly A sequence and the pUC18-vector-derived 
region, in the 3 '-side sequence of the prepro human serum 
albumin A cDNA, which was cut from pUC-HSA-I', producing the 
plasmid pAT-nHSA-A. 

4. Simple Explanation of Figures: 

Figs. 1-1 and 1-2 show the process of producing the 
mini-HSA-expressing plasmid pJDB-ADH-mHSA. 
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Fig- 6 shows a limiting enzyme map of the cDNA encoding 
human serum albumin* 

Fig. 7 shows the process of producing plasmid pUC-HSA- 

EH. 

Fig. 8 shows the process of producing plasmid pSAL II. 
Fig. 9 shows the process of producing plasmid pAT-nHSA. 
Fig. 10 shows the process of producing plasmid pAP- 
nHSA-A. 

Applicant: Tonen Co., Ltd. 

Attorneys: Akira Aoki, Esq. 

Satoshi Ishida, Esq. 

Kiyoshi Fukuki, Esq. 

Teruyuki Yamaguchi, Esq. 

Masaya Nishiyama, Esq. 

(Continued from page 1) 
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C 12 R 1:865) 
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[Keys to figures:] 

Fig. 1-1 

1. Small fragment 

2. Large fragment 

3. Multi-cloning site 

4. Synthetic linker 

5. (To Fig. 1-2) 



1. (From Fig. 1-1) 

2. Multi-clining site 

3. Small fragment 

4. Large fragment 

5. Promoter 



Fig. 2-1 

1. Small fragment 

2 . Large fragment 

3 . Cut fragment 

4. (To Fig. 2-2) 



Fig. 2-2 

1. (From Fig. 2-1) 

2. Small fragment 

3 . Large fragment 

4. (To Fig. 2-3) 



Fig.. 2-3 

1. (From Fig- 2-2) 

2. Small fragment 

3 . Large fragment 



Fig. 3 

1. Linker 



Fig. 6 
1. 
2. 
3. 
4. 



Base pairs 

Prepro leader seguence 
Mature HSA coding region 
Poly A 



* 
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Fig. 7 

1. Synthetic DNA (corresponding to Aspl-Phell) 

2. Synthetic DNA fragment 

3. EcoR I + Cla I digestion 

4 . Linking 



Fig. 8 

1. Synthetic fragment encoding Met ( 12'3)-Ala( 151) 

2. BamH I conforming end 

3. Hpa II site 

4. (Human chromosomal DNA part) 

5. Fragment 

6. Multi-cloning site 

7. Linking 

8. T4 DNA ligase 

9. Colifonn bacillus TB-1 morphological transformation 

10. Coliform bacillus alkaline phosphatase treatment 



Fig. 9 

1. Linking 



Fig. 10 

1. Linker 

2 . Promoter 

3 . Terminator 
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